Abstract Estimates of the zoonotic diseases are helpful for monitoring and improving public health. Laboratorybased surveillance provides crucial information for assessing zoonotic disease trends and developments. Toxoplasmosis is considered as a zoonotic disease and has both medical and veterinary importance since it leads to abortion in humans and several animal species. In view of the worldwide importance of T. gondii, this study aimed to estimate the prevalence of T. gondii in chickens from the Delta of Egypt. A total of 304 blood and brain samples were collected from Egyptian chickens from Gharbiya, Qalyoubiya, Minufiya, Beheira, Kafr EL-Shaykh and Dakahlia Provinces. In order to determine the serological and histopathological prevalence of T. gondii, the samples were examined by ELISA, histopathology and immunohistochemistry (IHC). The prevalence of T. gondii was 11.18, 6.91, 6.91 % by ELISA, histopathology and IHC, respectively. Statistically significant differences in the prevalence of T. gondii were observed on the basis of season, sex and habitat. These data provide valuable information regarding the epidemiology of T. gondii infections in Egyptian chickens, which can be employed in developing efficient strategies for disease management and control.
Introduction
Toxoplasma gondii is protozoan parasite and one of the world's most common parasites. It has an indirect life cycle with cat as the definitive host and can infect a wide range of animal species. In the host, T. gondii can cause abortion or neonatal mortalities (Dubey and Beattie 1988) . In animals, T. gondii infection not only results in significant reproductive losses, and hence economic losses, but also has implications for public health since consumption of infected meat can facilitate zoonotic transmission (Tenter et al. 2000; CDC 2004 ). Although it is not normally a significant problem for healthy humans, T. gondii infection can be life threatening for infants infected congenitally, immunocompromised and immunodeficient patients, as a result of either acute infection or reactivation of infection (Luft and Remington 1988; Chintana et al. 1998; Aspinall et al. 2003) .
Diagnoses of toxoplasmosis in birds can be made by finding parasites in impression smears or histological sections of organs from affected animals or in organs and fluids from susceptible avian hosts (Springer 1991) . Brain and other tissues were fixed in 10 % neutral-buffered formalin, processed routinely for sectioning and stained with hematoxylin and eosin (Dubey et al. 2007 ). In addition, diagnoses of toxoplasmosis in chickens are aided by immunohistochemical staining procedures that use T. gondii polyclonal rabbit antibodies to detect parasites in formalin-fixed, paraffin-embedded brain specimens (Dubey et al. 2001) .
Serological testing is an important method for detecting T. gondii infection, and includes the indirect fluorescent antibody test (IFAT), enzyme linked immunosorbent assay (ELISA), competitive-inhibition ELISA, Western blotting, and direct agglutination test using intact tachyzoite or tachyzoite-derived antigens (Huang et al. 2004 ). The molecular search for diagnostic antigens for T. gondii infection has been focused on the identification of immunodominant antigens that are recognized by sera from animals infected with geographically distant isolates and from both acute and chronically infected animals. The surface antigen 2 of T. gondii (TgSAG2), expressed either in Escherichia coli or insect cells, was validated as a useful antigen and promises a highly sensitive and specific ELISA (Huang et al. 2002a, b) .
In previous reports from Egypt, T. gondii antibodies were detected in asymptomatic pregnant women (Azab et al. 1993; Ibrahim et al. 2009 ), turkeys, ducks (El-Massey et al. 2000 Dubey et al. 2003) , ostrich (El-Madawy and Metawea 2013), water buffaloes , cattle (Ibrahim et al. 2009 ), horses (Ghazy et al. 2007 ), donkeys (El-Ghaysh 1998) and camels .
The aim of this study was to estimate the prevalence of T. gondii in chickens from different regions in the delta of Egypt by different diagnostic methods as an indicator of soil contamination due to T. gondii oocysts.
Materials and methods

Parasite and cell cultures
The T. gondii (RH strain) tachyzoites were maintained on monkey kidney adherent fibroblasts (Vero cells) cultured in Eagle's minimum essential medium (EMEM, Sigma, St Louis, MO) supplemented with 8 % heat-inactivated fetal bovine serum. For the purification of tachyzoites, parasites and host-cell debris were washed in cold phosphate buffer saline (PBS), and the final pellet was resuspended in cold PBS and passed through a 27-gauge needle and a 5.0-lmpore filter (Millipore, Bedford, MA).
Samples
A total of 304 chickens (Gallus domesticus) were obtained during winter, autumn and spring, 2011, from different Provinces of the Delta of Egypt. Ninety seven free-range chickens were purchased (with consideration on sex) from three villages belong to Provinces of Qalyoubiya, Minufiya and Gharbiya. A total of 207 caged chickens (with consideration on sex) were also obtained from bird slaughterhouses and they rose in farms from Provinces of Gharbiya, Beheira, Kafr EL-Shaykh and Dakahlia. Blood was collected from the brachial wing vein of individual chicken, incubated at room temperature for 1 h, and then centrifuged at 1,0009g for 10 min, and the serum was collected and stored at -20°C. Brains were removed from each bird and fixed in neutral buffered formalin 10 % for 24 h for tissue cyst detection.
Antigens
The template DNA for polymerase chain reaction (PCR) was extracted from tachyzoites of T. gondii RH strain (Dubey and Frenkel 1988; Huang et al. 2004; Ibrahim et al. 2009 ). Two oligonucleotide primers, 5 0 -ACGAATTCGT CCACCACCGAGACG-3 0 and 5 0 -ACGAATTCTTACT TGCCCGTGAGA-3 0 , which correspond to amino acids 75 to 221, were used to amplify the truncated SAG2 (TgSAG2t) gene, without sequences encoding a highly hydrophobic signal peptide and C-terminus, by PCR (Parmley et al. 1992; Huang et al. 2004 ). The TgSAG2t gene was inserted into EcoRI site of the bacterial expression vector, pGEX-4T-3 (Promega, Madison, WI). The resulting plasmid was designated as pGEX/TgSAG2t. pGEX/TgSAG2t was expressed as glutathione S-transferase (GST) fusion protein (GST-TgSAG2t) in Esherichia coli (DH5a strain) and the proteins were purified by glutathione Sepharose 4B (Amersham Pharmacia Biotech) and analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (Ibrahim et al. 2009 ).
ELISA ELISA was performed according to Ibrahim et al. (2009) . The plates were coated using the recombinant antigens (GST-TgSAG2t, or GST, 5 lg/ml), produced as described earlier, in a coating buffer (50 mM carbonate) and incubated overnight at 4°C. After washing once with washing buffer (PBS containing 0.05 % Tween 20), the plates were blocked with blocking solution (PBS containing 3 % skim milk) at 37°C for 2 h. After washing once with washing buffer, 50 ll of serum diluted (1:100) in blocking solution was added to duplicate wells for each sample and then incubated at 37°C for 1 h. After washing six times with washing buffer, the plates were incubated with 50 ll of horseradish peroxidase (HRPO)-conjugated rabbit antichicken Immunoglobulin G (Invitrogen, Camarillo, CA), diluted in blocking solution (1:4000) per well at 37°C for 1 h. After washing six times with washing buffer, the plates were incubated with 100 ll substrate 2,2 0 -azino-bis(3-ethylbenzthiazoline-6-sulphonic acid (ABTS)) in an ABTS buffer (0.1 M citric acid, 0.2 M sodium phosphate) per well at room temperature for 1 h. The absorbance at 405 nm was measured using a microplate reader (Seac, Radim Company, Italy). The ELISA results were determined by the difference in mean optical densities at a value of 405 nm (OD 405 ) between the recombinant antigen (TgSAG2t) and the GST protein. The cut off values were determined as the OD 405 value for T. gondii negative sera plus two standard deviations; TgSAG2t: 0.017 in chickens (n = 20). The negative sera from sera stock were tested and confirmed negative by western blot and IFAT and their representative brain samples were free from the tissue cyst.
Histopathological and immunohistochemical examinations
Brains were fixed in 10 % neutral-buffered formalin, processed routinely for sectioning and stained with hematoxylin and eosin H and E. The sections were examined under a light microscope and the tissue cysts were scored.
Sections of brain were reacted with antibodies to T. gondii polyclonal rabbit antibodies according to the manufacturer's instructions (Thermo Scientific, CA). Immunohistochemistry (IHC) was done as described by (Lindsay and Dubey 1989; Dubey et al. 2001) . The polyclonal T. gondii antibodies react specifically with both tachyzoites and bradyzoites of T. gondii.
Statistical analysis
The Chi square test was used to evaluate significant differences (P \ 0.05) of infection rate in animals of different habitat, sex, locations and season of the sample collection. Means in the same columns assigned with the different letter show significant differences between these values P\0.05.
Results
The prevalence of T. gondii in chickens from different Provinces of the delta of Egypt was summarized in Table 1 . The overall prevalence of T. gondii was 11.18, 6.91, 6.91 % in chicken, using ELISA, histopathology and IHC, respectively. The results of IHC confirmed the histopathology results. According to the region, the prevalence was significantly (P \ 0.05) high in Qalyoubiya and Kafr EL-Shaykh Provinces with values of 17.64 % (6/34) and 14.75 % (9/61) by ELISA and 14.70 % (5/34) and 9.83 % (6/61) using IHC, respectively. No significant differences were detected between Qalyoubiya and Kafr ELShaykh Provinces. Moreover, the prevalence was high in Gharbiya Province with values of 12.38 % (13/105), and 6.66 % (7/105) by ELISA and IHC, respectively. In spite of the high prevalence in Gharbiya Province, significant decrease was observed in Gharbiya Province when compared to Qalyoubiya Province using ELISA and IHC. Moreover, the prevalence was significantly (P \ 0.05) low in Minufiya and Dakahlia as compared to Qalyoubiya and Kafr EL-Shaykh Provinces using ELISA and IHC and as compared to Gharbiya Province using only ELISA. No positive chickens were detected in Beheira Province.
The results of ELISA, histopathology and IHC were summarized in Table 2 . The results of ELISA were concordant with those of histopathology and IHC; 95.72 %. Histopathology results were completely concordant with those of IHC; 100 %.
According to the season, the prevalence of T. gondii in chickens was illustrated in Table 3 . The prevalence during the seasons of the sample collection, using ELISA, was highest in the autumn 13.54 %, followed by spring 11.9 %. During winter the prevalence was significantly (P \ 0.05) reduced 8.87 % compared to the autumn season. On the other hand, no significant differences were detected in spring as compared to either winter or autumn using ELISA. Furthermore, no significant differences were detected on the seasonal prevalence of T. gondii using histopathology or IHC.
On the basis of the sex, the seroprevalence was significantly (P \ 0.05) higher in females 11.52 % (31/269) compared to male birds 8.57 % (3/35). Presence of T. gondii was not significant (P [ 0.05) using histopathology or IHC (Table 3) . In relation to the habitat T. gondii antibodies and tissue cysts were detected in both free-range and caged chickens (Table 3 ). The prevalence showed significant (P \ 0.05) increase in free-range chickens 16.49 % (16/97), 11.34 % (11/97) compared to caged chickens 8.69 % (18/207), 4.83 % (10/207) using ELISA and IHC, respectively.
Discussion
Direct detection of T. gondii oocysts in soil is difficult. Therefore, chickens have been used as one of indicators of soil contamination with T. gondii oocyst (Dubey, 2010 Dubey et al. (2003) detected higher prevalence of T. gondii, 40.4 %, using the modified agglutination test (MAT) in chickens from rural area surrounding Giza (south of Cairo), Egypt. Also using MAT, seroprevalence of T. gondii infection in chickens was 13.95 %, in Beni-Suef area, south of Egypt (Aboelhadid et al. 2013 ). In addition, among turkeys, chickens, and ducks the seroprevalence was 59.5, 47.2, and 50 %, respectively, in Giza, Egypt (El-Massey et al. 2000) .
In particular, serological assays detected higher prevalence than detection of the parasites in the host tissues, although the results of histopathology and IHC were highly concordant with those of ELISA. These can be explained by level of infection in chicken examined samples may be under the detectable level and low parasitemia makes the diagnosis by microscopic examination difficult. Moreover, the antibody response may be independent of parasite burden. Hill et al. (2006) reported that a serum-based ELISA is the more sensitive than PCR, and animal bioassays for detection of T. gondii infected swine. A similar observation had been made in pigs infected with various doses of Trichinella spiralis (Murrell et al. 1986) . It is likely that the low reliability of the histological and IHC assays results come from the limited sample size, random distribution of tissue cysts, and perhaps low numbers of T. gondii tissue cysts in the tested chicken tissues.
Chickens used in this study are 45-60 days old and the collections of the samples were done at the end of each season, meaning the birds were born, lived and die during the same season of the samples collection. In this study the lowest seroprevalence of T. gondii was recorded in the winter season. In contrast the seasonal prevalence was higher in the autumn and spring using ELISA. No significant differences were detected on the seasonal prevalence of T. gondii using histopathology and IHC. Environmental conditions are important for oocyst survival. Prevalence of Toxoplasma is higher in humid tropical areas (Meerburg and Kijlstra 2009) and lowers in arctic areas (Tenter et al. 2000) . The delta of Egypt experiences its lower temperatures during the winter where temperature decrease, It normally in the range of 9°C at nights to 19°C at days. While spring and autumn in the delta of Egypt appears warmer than the winter season. Accumulation of T. gondii oocysts may be most important in spring, summer and early autumn, when temperatures are suitable for sporulation (Simon et al. 2013) .
Although no significant association was found to occur between the presence of T. gondii and gender in chickens from the delta of Egypt using histopathology and IHC, the results of ELISA showed significantly higher prevalence in females compared to male birds. Similar results were obtained by Tasawar et al. (2013) in cattle, and Jittapalapong et al. (2005) in goats. Our observation in chickens might be associated to difference in the behaviour of the male and female chickens or to management differences. More studies are required in order to corroborate this finding. Specific antibodies and tissue cysts to T. gondii were found in 16.49 and 11.34 % of the free-range chickens and in 8.69 and 4.83 % of the caged chickens using ELISA and IHC, respectively, indicating that free-range chickens have more chance to get infected by T. gondii. Infection rate to T. gondii in free-range chickens is comparable to that found in other countries (Dubey et al. 2008; Zhu et al. 2008; Yan et al. 2009 ). Evidence is accumulating that transmission by oocysts may be more prevalent than initially realized, at least in some parts of the world (Dubey 2010) . In Egypt, the main risk factor associated with chicken seropositivity might be the contact with soil-harboring oocysts from homeless cats (Ibrahim et al. 2009 ). The detected prevalence of T. gondii in chicken indicated soil contamination due T. gondii oocysts because free range chickens feed from the ground, and suggested that the meat from poultry might be an important source of infection to human.
In conclusion, the current data indicated that T. gondii infection is widely distributed in delta of Egypt. ELISA, using recombinant TgSAG2t, is a sensitive diagnostic method for the detection of T. gondii antibodies in chickens.
